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Five Escherichia coli colonies/patient were studied to evaluate the reliability of a multiplex real-time PCR
assay for detection of diarrheagenic Escherichia coli groups, using a pool of five colonies rather than individual
colonies. Sensitivity and specificity were 98% and 100%, respectively, at a fifth of the cost of the individual
colony analysis.

Diarrheal disease remains a leading cause of mortality and
morbidity in the world (1, 2), particularly in developing
countries. In Peru, enteric infections represent the third
most important cause of mortality in the first 5 years of life
(5). Diarrheagenic Escherichia coli strains are important
causes of diarrhea in children in the developing world (6) and
to a lesser extent the developed world (3). E. coli associated
with diarrhea has been classified into six groups based on
clinical, epidemiological, and molecular criteria (Table 1). Al-
though these E. coli strains commonly cause gastroenteritis in
children living in developing countries, they are not routinely
sought in clinical laboratories. A multiplex real-time PCR to
simultaneously identify eight virulence genes associated with
the six classes of diarrheagenic E. coli was previously devel-
oped (4). To make this assay less expensive for use in devel-
oping countries, we conducted this study to determine the
sensitivity and specificity of multiplex real-time PCR analysis
using a pool of five colonies rather than analyzing individual
colonies.

Abbreviations. The following abbreviations are used in this
article: EPEC, enteropathogenic E. coli; ETEC, enterotoxi-
genic E. coli; STEC, Shiga toxin-producing E. coli; EAEC,
enteroaggregative E. coli; EIEC, enteroinvasive E. coli; and
DAEC, diffusely adherent E. coli.

Stool specimens were collected from 1,025 children 2 to 12
months old from a diarrhea surveillance study conducted in
low-socioeconomic-status communities of Lima, Peru, during
2006 and 2007 (8) and were cultured on MacConkey agar
plates. After overnight incubation at 37°C, five lactose-positive
E. coli colonies/patient were subcultured on a new MacConkey
agar plate to assure the purity of individual colonies. Proto-
typical strains (DAEC-5019, STEC-91/8626, ETEC-H10407,
EPEC-2348/69, EIEC-213, and EAEC-042) were used as pos-
itive controls, and E. coli C600 was used as a negative control.

DNA was extracted by boiling either a single colony in 50 �l
or a pool of five colonies in 100 �l of PCR water for 5 min,

followed by 15 min at room temperature and a centrifugation
at 13,000 rpm for 15 min. Two microliters of this crude lysate
was used as a template in a 25-�l total PCR volume.

PCR was performed using a PTC-200 thermal cycler and
real-time fluorescence monitoring by a Chromo 4 optical de-
tector (Bio-Rad). Each multiplex PCR assay contained the sets
of primers previously validated (4) and 0.5 U of Phusion poly-
merase (Finnzyme) in high-fidelity Phusion buffer with a final
concentration of 200 �M deoxynucleoside triphosphates and 4
mM MgCl2. SYBR green I (Cambrex Bio Science) was diluted
as recommended by the manufacturer, and a hot start of 98°C
for 30 s was used to prevent nonspecific amplification. The
protocol consisted of incubation at 98°C for 20 s, 60°C for 20 s,
72°C for 30 s, and 75°C for 10 s. After 25 cycles, a melting curve
was determined with a ramp speed of 2.5°C/s between 73°C
and 95°C with a reading every 0.2°C. Melting points were
automatically calculated by the Opticon Monitor software pro-
gram, which plotted the negative derivative of fluorescence
with respect to temperature.

We analyzed 1,158 pools from children (�1 year of age) with
(858) or without (292) diarrhea, who were enrolled in the
cohort study. Three hundred nineteen of 1,158 (27.5%) pools
were positive for diarrheagenic E. coli, and 839 of 1,158
(72.5%) were negative. The most common pathogens were
EAEC (12.5% for the diarrhea group versus 16.1% for con-
trols), EPEC (5.8% for the diarrhea group versus 7.9% for
controls), DAEC (3.7% for the diarrhea group versus 2.1% for
controls), and ETEC (2.5% for the diarrhea group versus 1.0%
for controls). EIEC strains were not detected in these samples.

We also analyzed 2,065 individual colonies (1,595 colonies
from positive pools and 500 colonies from 100 randomly se-
lected negative pools). There was a trend, although not statis-
tically significant, for a higher number of positive colonies per
sample in the diarrhea group than in the control group for
some pathogens (i.e., for DAEC, 3.04 � 1.64 in the diarrhea
group versus 1.94 � 1.47 in the control group) in the diarrhea
group. For the purpose of the pool-versus-individual-colony
analysis, diarrhea and control samples were grouped together.

In a pool-colony analysis, the specificity was 100% for each
diarrheagenic E. coli group, and the sensitivity ranged from
96% to 100% (Table 1). There were no false positives; in no
case (0/319) did a peak occur at a melting point inconsistent
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with data for the prototype strain genotype. There were 5
false-negative pools (5/100), as indicated by individual colony
analysis, which were positive for DAEC, EPEC, ETEC, and
EAEC (1 strain each). The sensitivity was 98%; when false-
negative pool samples were run a second time, the sensitivity
improved to 100%.

Among positive samples, mixed infections could also be
detected (Fig. 1). The most common mixed infections were
EAEC plus EPEC (9/20), EAEC plus ETEC (3/20), and EPEC
plus ETEC (3/20). There was no competition between different
set of primers used to detect the genes associated with diar-
rheagenic E. coli virulence.

Conventional PCR for diagnosis of diarrheagenic E. coli has
limitations in the developing world. The cost, the time delay

TABLE 1. Sensitivity and specificity of pool analysis

Diarrheagenic E. coli
(relevant gene�s�)

No. (%) of positive
results

%
Sensitivity

of pool
analysis

%
Specificity

of pool
analysis

Individual
colony

Pool
analysis

EAEC (aagR) 155 (13.4) 154 (13.3) 99 100
EPEC (eaeA) 74 (6.4) 73 (6.3) 99 100
DAEC (daaD) 40 (3.5) 38 (3.3) 95 100
ETEC (st, lt) 25 (2.2) 24 (2.1) 96 100
STEC/EHEC

(eaeA, stx1, stx2)
6 (0.5) 6 (0.5) 100 100

All 300 295 98 100

FIG. 1. Mixed infection detected in a pool analysis colony showing both an EPEC (eae�) and an ETEC (st� lt�) infection (A) and confirmed
by individual colony analyses corresponding to an ETEC (st� lt�) colony (B) and an EPEC (eae�) colony (C). �d(RFU)/dt, negative derivative
of fluorescence (RFU, relative fluorescence units).
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required to do gel analysis of PCR products, and the inability
to analyze large numbers of strains are major impediments to
this approach. For this reason, we developed and validated a
multiplex real-time PCR for detection of diarrheagenic E. coli
groups (4). The “gold standard” is the individual colony anal-
ysis, but the cost limits its use as a routine test for use in clinical
laboratories.

In this study, we were able to save time and effort involved
in testing for virulence factors, reducing the number of gene
detection assays by use of a sensitive and specific colony pool
multiplex real-time PCR. An advantage of this technique is
that there is no need to run an electrophoresis gel to determine
the presence of the amplicons because each has a characteristic
melting temperature that is detected in the denaturation curve.
Indeed, this approach also allows identification of mixed in-
fections involving two or three diarrheagenic E. coli strains.
Individual positive colonies can be defined in a subsequent
PCR if required for epidemiologic or antibiotic susceptibility
studies. The rapid detection of diarrheagenic E. coli has im-
portant treatment implications. Some diarrheagenic E. coli
strains (e.g., ETEC) respond to antimicrobial agents, while for
others (e.g., STEC), antibiotics should be avoided. Further-
more, diarrheagenic E. coli strains are commonly resistant to
commonly used antibiotics (7), so that optimal treatment de-
pends on rapid detection of the specific pathogen.

The choice of five colonies for analysis represents a compro-
mise between the cost of analysis and the need to detect in-
fection.

In summary, the analysis of a pool of five colonies for the
detection of diarrheagenic E. coli by multiplex real-time PCR

is a dramatically more cost-effective, sensitive, and specific
technique than individual colony analysis.
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